DUAL RATE LEAF SPRING SUSPENSION FOR UTILITY VEHICLE 



Field of the Invention 
[0001] This invention relates generally to leaf spring suspensions for small utility 
vehicles, all terrain vehicles, and other similar small motor vehicles adapted to carry 
one or more passengers and/or cargo. More specifically, the invention relates to 
dual rate leaf springs for such vehicles. 

Background of the Invention 
[0002] Leaf springs are used in suspensions for small utility vehicles having a gross 
vehicle weight of between about 500 pounds and about 3000 pounds, such as 
Gator™ utility vehicles available from Deere and Company of Moline, Illinois, to 
dampen vibration, increase passenger comfort, and improve vehicle handling. A 
pair of leaf springs may support a vehicle frame over an axle. Each leaf spring has a 
linear load deflection curve, or spring rate. 

[0003] Cargo carrying capacity may be an important feature for small utility 
vehicles. Cargo combined with optional attachments added to a utility vehicle, for 
example, can more than double the vehicle's weight. To accommodate the 
additional weight and yet maintain sufficient suspension travel while loaded, some 
utility vehicles may be "stiffly" sprung, i.e., have leaf springs with a very high spring 
rate. However, a high spring rate may increase the vibration and road irregularities 
transferred to the operator and passengers of the vehicle. 

[0004] Leaf springs having a non-linear or stepped load deflection curve, i.e., two or 
more spring rates, have not been widely adopted in small utility vehicles. This is 
due, at least in part, to the complexity and cost of dual or variable rate leaf springs, 
especially for use in relatively inexpensive small utility vehicles. For example, dual 
or variable rate leaf springs may include multiple components which may involve 
significantly greater assembly time. 

[0005] There is a need for a simple, inexpensive dual rate leaf spring suspension 
for a small utility vehicle. Additionally, there is a need for a dual rate leaf spring 
suspension that may replace conventional leaf spring suspensions without requiring 
replacement of other components of a small utility vehicle. 



Summary of the Invention 

A dual rate leaf spring suspension is provided for a small utility vehicle having 
a full-length leaf spring and a half-length leaf spring. The full-length leaf spring has a 
first end. a second end, and an intermediate section between the first and second 
ends, the first end being pivotally connected to a small utility vehicle frame. The half- 
length leaf spring has a first end and a second end, the first end being pivotally 
connected to the small utility vehicle frame. A spacer plate may be positioned 
between the intermediate section of the full-length leaf spring and the second end of 
the half-length leaf spring, the spacer plate being the only connection point between 
the full-length leaf spring and the half-length leaf spring. 

In the unloaded or lightly loaded condition, the first end of the half-length leaf 
spring is separated from the second end of the full-length leaf spring. In a heavy 
loaded condition, the first end of the half-length leaf may contact the second end of 
the full-length leaf spring. 

This simple, inexpensive dual rate leaf spring suspension improves ride 
quality perceived by the driver and passenger, compared to a single rate leaf spring 
suspension. Full load-carrying capability is offered with the second, higher spring 
rate. The dual rate leaf spring suspension may have fewer parts, reduced assembly 
time, reduced complexity and lighter weight than multi-stack leaf springs. The dual 
rate leaf spring suspension may replace a conventional leaf spring suspension 
without exchanging or replacing other parts of a small utility vehicle. 



Brief Description of the Drawings 
[0006] FIG. 1 is a right rear perspective view of a dual rate leaf spring suspension 
system for a small utility vehicle according to a first embodiment of the invention. 
[0007] FIG. 2 is a perspective view of a dual rate leaf spring in a first embodiment 
of the invention. 
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Description of the Preferred Embodiment 



[0008] In FIG. 1 , a first embodiment of dual rate leaf spring suspension 100 is 
shown. The dual rate leaf spring suspension supports frame member 101 over axle 
102 of a small utility vehicle. In one embodiment, the dual rate leaf spring 
suspension includes full-length leaf spring 103 and half-length leaf spring 104. Leaf 
springs 103 and 104 may be generally parabolic, and made from steel, fiber 
reinforced resinous material, or other materials well known to those skilled in the art. 
In one embodiment, each leaf spring may have a maximum thickness of about 5/8 
inch, and the thickness may decrease at or near one or both ends of each leaf 
spring. 

[0009] In one embodiment, the full-length leaf spring may be positioned below the 
half-length leaf spring. The full-length leaf spring may have first end 105 with rolled 
eye 129 to accept a rubber damper bushing. The first end of the full-length leaf 
spring may be pivotally connected to the frame by cross bolt 106 inserted through 
eye 129 and through corresponding holes in bracket 107 or a pair of plates welded to 
the frame member. The full-length leaf spring extends from first end 105, through 
intermediate section 108, to second end 109. In one embodiment, the first end of 
the full-length leaf spring may be oriented to face toward the front of a small utility 
vehicle and the second end may be oriented to face toward the back of the vehicle. 
[0010] The intermediate section of the full-length leaf spring may include and/or 
provide a spring seat or attachment device 1 38 for connection to the axle of a small 
utility vehicle. The length measured from the first end of the full-length leaf spring to 
the spring seat may be about the same or less than the length measured from the 
second end of the full-length leaf spring to the spring seat. The second end of the 
full-length leaf spring may have a generally flat or generally planar shape, and may 
be disconnected, or unattached to, the frame of the small utility vehicle. 
[0011] In one embodiment, the half-length leaf spring may not be longer than half 
the length of the full-length leaf spring. The term "half-length" in this application 
refers not only to leaf springs that are exactly one-half the length of the full-length 
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leaf spring, but also to leaf springs that are somewhat shorter or longer than one-half 
the length of the full-length leaf spring. For example, in one embodiment of the 
invention, the half-length leaf spring is less than one-half the length of the full-length 
leaf spring. 

[0012] The half-length leaf spring may have first end 110 with rolled eye 130 to 
accept a rubber damper bushing. The first end may be pivotally connected to a pair 
of plates 131, 132 called shackles, or a mounting bracket, by cross bolt 133 Inserted 
through the eye and through corresponding holes in the pair of plates or bracket. 
The plates or bracket then may be connected to frame member 101 . The half-length 
leaf spring may extend from first end 1 1 0 to second end 111, and the second end 
may be at or adjacent the intermediate section 108 of the full-length leaf spring. The 
second end of the half-length leaf spring may be attached to the axle of the small 
utility vehicle at or adjacent the intermediate section of the full-length leaf spring. 
[0013] In one embodiment, spacer plate 112 may be positioned between the half- 
length leaf spring and full-length leaf spring, and may be located at or under the 
spring seat. In one embodiment, spacer plate 112 may be a metal plate having a 
thickness of about 3 mm, a width about the same or similar to the width of each of 
the two leaf springs, and a length between about one inch and about six inches. 
Spacer plate 112 serves as the only connection point between the full-length and 
half-length two leaf springs. Spacer plate 112 prevents contact between the two leaf 
springs, except at the working ends of the springs. It is preferred that contact be 
avoided or eliminated between the full-length leaf spring and half-length leaf spring, 
except between the first end of the half-length leaf and the second end of the full- 
length leaf spring in a heavy loading condition. The spacer plate separates the two 
leaves to accomplish this. In one embodiment, threaded fastener 113 may be 
inserted through corresponding holes in the full-length leaf spring, spacer plate, and 
half-length leaf spring, to hold each of the two leaf springs to the spacer plate. 
[0014] In one embodiment, the half-length leaf spring provides a first spring rate for 
a light load or unloaded condition. For example, the half-length leaf spring may be 
used when a small utility vehicle carries one passenger and a light cargo load. In the 
light load or unloaded condition, the first end of the half-length leaf spring may be 
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separated from the second end of the full-length leaf spring by between about one 
inch and about four inches, and preferably separated by about two inches. The half- 
length leaf may provide a first spring rate which may be about 30% of the total 
combined spring rate of the half-length and full-length leaf springs, which may be 
sufficient for light cargo loads. In one embodiment of the invention, the half-length 
leaf spring has a spring rate of about 180 lbs/inch. 

[0015] In one embodiment, the full-length leaf spring may be used when enough 
weight is added to the vehicle to cause the first end 1 10 of the half-length leaf spring 
to contact the second end 109 of the full-length leaf spring. This may be referred to 
as a heavy loaded condition. In this condition, the half leaf and the full leaf may have 
a combined spring rate of about 550 lbs/ inch. 

[0016] Thus, the suspension provides two distinct spring rates. For example, a low 
spring rate may be used when the small utility vehicle carries a light load, which may 
be defined as less than 400 pounds; i.e., two 200 pound passengers, or one 
passenger plus cargo of 200 pounds. A higher spring rate may be used when the 
small utility vehicle carries a heavy load, which may be defined as over 400 pounds; 
i.e., two 200 pound passengers, plus cargo or one passenger plus cargo of more 
than 200 pounds. As will be clear to those skilled in the art, the terms "light load" 
and "heavy load" may be defined differently for different small utility vehicles, and for 
different leaf springs that may be used in accordance with this invention. 
[0017] This simple, inexpensive dual rate leaf spring suspension may be used for 
small utility vehicles. Ride quality may be perceived by the driver and passenger as 
much improved over a single rate leaf spring suspension. Full load-carrying 
capability is offered with the second, higher spring rate. Compared to multi-stack 
leaf springs, the dual rate leaf spring suspension may have fewer parts, reduced 
assembly time, reduced complexity and lighter weight. Additionally, the dual rate 
leaf spring suspension may replace a conventional leaf spring suspension without 
exchanging or replacing other parts of a small utility vehicle. 
[0018] Having described the preferred embodiment, it will become apparent that 
various modifications can be made without departing from the scope of the invention 
as defined in the accompanying claims. 
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